Geodesic Acoustic Modes [1] (GAM) are toroidally symmetric normal modes unique to toroidal plasmas, whose mode structure is nearly poloidally symmetric. They exist since the charge separation effect, due to ion radial magnetic drifts associated with geodesic curvature, causes a finite parallel a.c. electric field (∝ T e /T i ) and a perturbed ion diamagnetic current to ensure quasi-neutrality via electron and ion dynamic responses, respectively. In this paper, we show that GAMs constitute a continuous spectrum due to radial inhomogeneities. The existence of singular layer, thus, suggests linear mode conversion to short-wavelength kinetic GAM (KGAM) via finite ion magnetic drift-orbit widths. This result is demonstrated by derivations of the GAM mode structure and dispersion relation in the singular layer. At the lowest order in k r ρ di , with k r the radial wave vector and ρ di the ion magnetic drift-orbit width, the well known kinetic dispersion relation of GAM is recovered [2] . At the next relevant order, O(k 2 r ρ 2 di ), we show that KGAM propagates in the low-temperature and/or high safety-factor domain; i.e., typically, radially outward. Our analyses also confirm that GAM and Beta induced Alfvén Eigenmodes (BAE) are degenerate in the long wavelength limit, where diamagnetic effects are ignored, even when finite magnetic drift-orbit width corrections are accounted for. As reported earlier [3, 4] , this is not a coincidence and is due to the fact that, at long wavelengths, shear Alfvén wave compressibility due to geodesic curvature coupling at k = 0 is identical to the corresponding dynamics of electrostatic waves with k φ = k θ = 0, provided that diamagnetic effects are neglected.
GAM continuous Spectrum: similarity to shear Alfvén resonance. 
GAM continuous spectrum 2
In realistic plasmas: T e (r), T i (r), q(r)
• ω GAM varies radially
• ω 2 GAM (r) forms a continuous spectrum 2 Fluid derivations (kinetic theory later)
• Quasi-neutrality ∇ · δJ = 0 ⇒ ∂ ∂r δJ r (r, t) = 0 GAM damping (large drift-orbits)
Simple limiting case
Solve the linear ion gyrokinetic equation for large magnetic drift orbits
Solving quasi-neutrality gives δφ = δφ − δφ and GAM D.R.
Collisionless damping due to resonances with high transit harmonics
For small drift orbits, k r ρ i q 2 < 1 (known case),
Kinetic expression of the GAM dispersion relation is degenerate with that of the low frequency shear Alfvén accumulation point (BAE) in the long wavelength limit (no diamagnetic effects). In reference to experimentalobservations of modes at the GAM frequency, besides measuring the mode frequency, it is necessary to measure polarization and toroidal mode number to clearly identify the mode.
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GAM excitation: n = m = 0 ⇒ no linear excitation mechanism by spatial nonuniformity. Only instability mechanism is via velocity space: e.g., intense high-speed drifting beam such that ∂F b /∂v > 0 at v ≈ qv ti /p; p =positive integers. 2 BAE -GAM degeneracy can be used to exploit a variety of known results from the kinetic theory of low-frequency shear Alfvén waves in the long wavelength limit k 2 r ρ 2 i ≪ 1/q 2 , typical of energetic ion driven BAE/EPM and long-wavelength AITG [Zonca etal. PPCF 1998 , POP 1999 ].
Here, we used k 2 r ρ 2 i ≫ 1/q 2 as simple limit for discussions of the KGAM dispersion relation ω 2 = ω 2 GAM + Ck 2 r ρ 2 i , showing KGAM radially propagates for ω 2 > ω 2 GAM (r).
Nonlinear excitations of GAM by ambient Drift Wave (DW) turbulence (see later), requires exploration of shorter wavelengths k r ρ i q 2 > 1 for correct description of wave collisionless damping for large magnetic drift orbits (this poster). • Linear parametric instability
Nonlinear excitations of KGAM
• Zonal Mode (KGAM) ⇒ δΦ ζ : (ω ζ , k ζ ) and Pump DW modulation
Resonant decay
• Frequency mismatch, ∆ = ω 0 − ω − , and sideband damping, γ ds
RD
• GAM damping, γ g , and α i = O(1)
Nonlinear excitation favors short (zonal) radial wavelengths ⇒ KGAM is excited 2
Nonlinear dynamics
• δΦ − , δΦ ζ growth ⇒ depletes the pump δΦ 0 ⇒ 3-wave nonlinear system with prey-predator self-regulation 
Discussions and Conclusions 2
We have shown that GAM spectrum in non-uniform toroidal plasmas is continuous, similarly to the shear Alfvén wave spectrum.
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We have derived the radial wave equation for GAM with finite orbit width effects and demonstrated that, similarly to KAW, GAM are mode converted to KGAM. Theory explains experimental observations of GAM propagation and radial profiles in JFT-2M.
The collisionless GAM damping is generally determined by resonances with high transit harmonics, for which finite orbit with effects are crucial. The collisionless GAM damping has been computed for the first time in the large magnetic drift orbit limit.
The degeneracy of GAM and BAE spectra is discussed and explained. Differences in the linear and nonlinear BAE-GAM excitation are elucidated.
We demonstrated the nonlinear excitations of KGAM via coherent 3-wave interactions. The threshold conditions for nonlinear KGAM generation is given and the KGAM growth rate expression is derived for a fixed amplitude (pump) ITG.
2 It is shown that the nonlinear dynamics corresponds to a 3-wave nonlinear system with prey-predator self-regulation
